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Th i s  paper  cons ide r s  t h e  f low of  s o l a r  corpuscu la r  s t reams 

i n  t h e  i n t e r g l a n e t a r y  gas, It is shown t h a t  t h e  s t r e w  a r e  uns tab le  

r e l a t i v e  t o  magnetohydrodynamic p e r t u r b a t i o n s .  Th is  i n s t a b i l i t y  is  

t h e  r e s u l t  of i n t e r a c t i o n  o f  t he se ' a t r eams  wi th  t h e  plasma and t h e  

magnetic f i e l d  of  t h e  s o l a r  supercorona.  Comparison is made between 

t h e  t h e o r e t i c a l  and exper imental  d a t a .  

During t h e  exper imental  i n v e s t i g a t i o n s  on t h e  s c a t t e r i n g  

o f  radiowaves r ece ived  on t h e  ground from t h e  source  of  cosmi.c 

r a d i o  emiss ion from Taurus A dur ing  its concea l ing  by s o l a r  super-  

corona,  t h e  presence o f  inhomogenous cloudy s t r u c t u r e  of  i on i zed  

gas w a s  r evea l ed  a t  d i s t a n c e s  o f  4 -- 30 Re from t h e  Sun [l- 41. 
An assumption was made i n  r e f e r e n c e s  L1, 33 t h a t  t h e  observed inho- 

mogenei t ies  i n  t h e  e l e c t r o n  concen t r a t i on  c o n s t i t u t e  plasma clouds  

i n  s o l a r  corpuscu la r  s t reams ,  I n  connect ion wi th  t h i s  i t  i s  i n t e -  

r e s t i n g  t o  a s c e r t a i n  t h e  n a t u r e  o f  t h e  mechanism o f  format ion of 

t h e s e  s t reams '  cloudy s t r u c t u r e .  Such s t ream inhomogeneity must be 

t aken  i n t o  account when cons ide r ing  t h e i r  a c t i o n  on E a r t h ' s  exosphere. 

A s  is we l l  known, t h e  l a t t e r  induces  va r ious  geomagnetic d i s tu rbances .  

* Magnitogidrodinanicheskaya n e u s t o g c h i v o s t ~  solnechnykh korpusku- 
lya rnykh  po tokov. 
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- - :: It i s  quite pcssible tha t  the causaof l i ne  of force streliching of  
the heliomagnetic f i e l d  l i e s  i n  the hydromagnetic extrusion or" the 3ur % 
f i e ld  by the head of the solar  corpuscular stream 



I n  t h i s  case  the  i n t e r a c t i o n  between charged p a r t i c l e s  i n  t he  s t r eam 

and supercorona plasmasj i s  r e a l i z e d  only through s e l f - c o n s i s t e n t  

e lec t romagnet ic  f i e l d s .  Assume . that  a s t r e a r  flows with a v e l o c i t y  

VO i n  t he  d i r e c t i o n  of t h e  l i n e s  of  force  of a ' l radial l '  magnetic 

f i e l d  of t h e  Sun Ho. Then the  l i n e a r i z e d  system of equat ions  des- 

c r i b i n g  the  e lectromagnet ic  processes  i n  t he  s t ream and i n  t he  i n t e r -  

p l ane t a ry  plasma w i l l  have the  fol lowing form t141 : 

1 ah!. . .% , 

rot E =  - -- 
c at ' 

+ 1 bE 4rC ~ & + I J . '  V2E-grad div E - - - - - 
ca at2  --c2- 

Here . ' ~ , ~ ~ r n ~  - - - A  a r e  t h e  dens i ty  of t h e  e l e c t r i c  c u r r e n t ,  th: velo- - 
c i t y  and dens i ty  of  t h e  i on ized  gas m a s s  ; =<.i1y$rnec i s  t h e  e l e c t r o n  -- 

4 
gyrofrequency i n  t he  s o l a r  magnetic f i e l d ;  5 is  the  u n i t a r y  vec tor  

of t h i s  f i e l d ;  2? is the  concent ra t ion  of t h e  plasma; me and mi 
-* 

a r e  r e s p e c t i v e l y  t h e  masses of t h e  e l e c t r o n  and i o n ;  E and h a r e  

r e s p e c t i v e l y  the  s t r e n g t h  of  t h e  e l e c t r i c  f i e l d  and the i n t e n s i t y  

of t he  magnetic fLeld. The l i t t l e  s i g n s  6 and p are r e s p e c t i v e l y  

r e l a t e d  t o  q u a n t i t i e s  i n  t he  s t ream and is t h e  s t a t i o n a r y  plasma. 

Equations (2) and (4) a r e  plasma equa t ions  of  motion, and ( 1 )  and 

( 3 )  express  t he  genera l ized  Ohm law i n  t h e  i n d i c a t e d  media. Despi te  

the high temperature ,  t he  spee  ower i n  the  given 

case than t h e  Alfvgn wave ve lo  That  is why we 

n e g l e c t  t h e  accounking of  p r e s  quat ions  of 

motion. The p o s s i b i l i t y  of  u l i l i z i n g  t h e  magnetohydrodynamic approach 

t o  t he  problem i n s t e a d  of more s e q u e n t i a l  k i n e t i c  equa t ion  method, 



is  j u s t i f i e d  by the  f a c t  t h a t  we a r e  expected t o  dea l  with motions 

of  mucb l a r g e r  s c a l e s  t han  the  i o n  gyroeadius C16, 171. 

From the  system of equa t ions  ( I )  - ( 6 )  we may obta in  t h e  

d i s p e r s i o n  c o r r e l a t i o n  f o r  plane electromagnet ic  waves p r o p a ~ a t i n y  

a long  t h e  stream. For t h a t  pruorpose we e s t ima te  all t h e  q u a n t i t i e s  

t o  be changing along the  l a w  exp i ( ~ t  - k z ) ,  where G, and k  axe 

the  frequency and the  wave number, t he  axis 2; being d i r e c t e d  along 

the  magnetic f i e l d .  I n  t h i s  case  t he  d i s p e r s i o n  equa t ion  has  the  

form ~ 1 4 ,  1.51 : 

F.- . 
%.&=L~$NJ~& a r e  t he  plasma f requenc ies  of 

e l e c t r o n s  i n  t h e  s t r eam a.nd i n  t he  s t a t i o n a r y  plasma mi? BJuw i s  - C 

t h e  i o n  gyrofrequency . The s i g n  ( + I  corresponds t o  t h e  o ~ d i n a r , ~  

wave, t h e  s i g n  (-1- t o  t h e  extsaosdfnary.  Equat ion ( 7 )  desc r ibes  

only t h e  propagation of t r ansve r se  e lec t romagnet ic  waves. I n  t h e  

abserfce of  a s t ream, when U s e  = 0, t he  equat ion ( 7 )  t r a n s f e r s  i n t o 4  
* 

t he  wel l  known equat ion  f o r  e lectromagnet ic  waves propagat ing i n  a  

plasma along t h e  magnetic f i e l d  K~61. 
In  the  s t anda rd  appro 

L case of low f r e  qaencies  , when 

we o b t a i n  from the  equakj -la 
t h e  maknetic hydrodynam' -- 
wide r ing  a l s o  t h a t  -w6a . . A 

I - - -,-- 

where ~ f v b n  wave & in t roduced:  

L o l u a ~ a .  of the I i k p e r s i o n  equat ion (8)  EW easy to fi-nd 4 w '4 . . i ; .-"!>- ?9 . J 

a- 

. - 

a. 

@ = 



i t  may be w r i t t e n  i n  t h e  form 
' 3  - 

where vi = pL +k&! - A more d e t a i l e d  deduction of these  corre- 

l a t i o n s  is presented i n  the  works Cl4, 151. It follows from for-  

mula (10)  t h a t  under the condit ion whereby the  v e l o c i t y  of the  

s o l a r  corpuscular  flow Q0 exceeds t h a t  of the  Alfvhn wave VA, 
t h e r e  appear i n  t h e  system stream - i n t e r p l a n e t a r y  medium waves 

growing with time, 5 .e .  t h e  system becomes unstable .  A s i m i l a r  

i n s t a b i l i t y  c r i t e r i o n  is encountered i n  magnetic hydrodpa-mics when 

i n v e s t i g a t i n g  t angen t i a l  breaks C181. Consequently i f  t he  stream 

f o r m  a fzaoded . je t - type - f low while moving i n  i n t e r p l a n e t a r y  gas, 

t h e  s u p e r f i c i a l  boundary of t h a t  j e t  m i l l  a l s o  be uns table  r e l a t i v e  

t o  magnetohydrodynamic  perturbation^.* 

T h e r e f o p ,  t h e  coqai t ion  of magnetohydrodynamic i n s t a b i l i -  

t y  of s o l a r  corpusc&&r s%rnYams has a very simple fora - 

Here we introduced t h e  iera aess dens i ty  i n  the  systeat stre- - 
i n t  e rplane t a ry  me d i m  r 

The wave's acc re t ion  f a c t o r  i n  time T may be found from 

t h e  expression (10) 

- 
It is obvious that+ his a makLmum a t  N = N ., i . e . 

P 
i n  

t h e  case when t h e  concentrat ion i n  the  s t r e w  fs equal t o  plasma 

concentrat ion i n  i n  the  i n t e r p l a n e t a r y  medium. A t  N = N  we * P s 
s h a l l  obtain Y = kVd2. The time T of s t ream's  breakingup 

m a x  
i n t o  sepa ra t e  clouds mag be e s t i k a t e d  approximately using (13) : 

C being m: m i n  the case when R g = l T , .  * 

* see infrapag. k- t e  next page 
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+' from the preceding page.- A t  the same time a l l  the plasma xriihin the 
stream of radius R must move with a velocity To . 



According t o  t h e  e s t i m a t e s  brought  out  i n  [12, 131, t h e  magnetic 

f i e l d  of t h e  Sun has  a magnitude Ho- 3 lom2 gauss a t  R = 3 R 
0' 

and at a d i s t a n c e  o f  1 a.e. Ho -lod5 gauss .  T h i s  means i n  p a r t i -  

c u l a r  t h a t  t h e  magnetic f i e l d  dec rea se s  s l ower  wi th  t h e  d i s t a n c e  
3 from t h e  Sun t h a n  H. = H (R /R) . .o 0 

A f t e r  t h e s e  p r e l m i n a r y  remarks l e t  us pass  t o  e s t ima te s .  

A t  d i s t a n c e s  from t h e  Bun R > 5 R t he  i nd i spensab l e  cond i t i on  (11)  0 
o f  i n s t a b i l i t y  is f u l f i l l e d  f o r  s t reams  wi th  a v e l o c i t y  Vo = 100-  

4 1000  km / s  and a concen t r a t i on  N, = l o 2 -  1 0  c d 3 .  Indeed,  f o r  
--- * - 

' R k 5 R 5 ~ , ,  - ~ . ~ ~ i @ ~ : ~ , _ . , - & ~ ~ - .  -gaus s  and consequent ly  -*& 
%DsE7e km/sec and Vg = 7000 km/sec f o r  t h e  r e s p e c t i v e  con- 

4 2  c e n t r a t i o n s  i n  t h e  s t r e a m  Ns = l o  and 1 0  cm-3. A s  t h e  d i s t a n c e  

from t h e  s u r f a c e  of t h e  Sure Lncreases ,  V decreases  and t h e  condi- A. 
t i o n  (11)  is  e a s i e r  t o  s a t i s f y .  Thus a t  t h e  d i s t a n c e  R = 1 a.e, 

when one may e s t i m a t e  N -100 ~ m - ~ ,  H0- '1~-5  gauss ,  i t  is easy 
P 

t o  o b t a i n  t h a t  VA-2  km/sec and VO,VA. Consequently, t h e  con- 

d i t i o n  f o r  magnetohydrodynamic i n s t a b i l i t y  is f u l f i l l e d  everywhere 

i n  t h e  space between t he  E a r t h  and t h e  Sun, U t i l i z i n g  t h e  i nequa l i -  

t y  k V O 4 w i  , one may e s t ima te  t h e  minimum l e n g t h  of t h e  zrowing - 
wave 

A t  R = 5 R D  and Oi-300 sec-I  we f i n d  t h a t  )1,>5- 1 0  km, 

while  f o r  R = 1 a.e . Am > 1500  -- 1 5 0  000 km. From exper imental  

d a t a  f o r  t h e  s o l a r  supercorona t h e  dimensions of  inhomogenei t ies  

t -1 - l o 5  km [l- 41. There a r e  i n d i c a t i o n s  t o  t h e  e f f e c t  t h a t  
2  s e p a r a t e  plasma clouds  move wi th  p e c u l i a r  v e l o c i t i e s  o f  1 0  t o  

The t ime necessary  f o r  t h e  d i s i n t e g r a t i o n  of  a s t ream 

i n t o  s e p a r a t e  c louds  may be e s t ima ted  by u s i n g  formula ( lL i ) .  It is 

minimum i n  t h e  r eg ion  where N 
p- From d a t a  on e l e c t r o n  den- 

* 
s i t y  i n  t h e  supercorona  t h i s  cond i t i on  f o r  t h e  s t reams is f u l f i l l e d  
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